The 8q24 polymorphisms have been implicated in various cancers. Three 8q24 polymorphisms (rs1447295 C>A, rs16901979 C>A, and rs6983267 T>G) have been extensively investigated for their association with prostate cancer (PCa) susceptibility, yet conclusions are contradictory. We conducted a comprehensive meta-analysis to reevaluate the associations between those polymorphisms and PCa susceptibility, according to the latest meta-analysis guidelines (PRISMA). Eligible publications were searched from MEDLINE, EMBASE and CBM. False positive report possibility analysis was performed. We totally collected 20184 cases and 20439 controls from 20 studies for the rs1447295 C>A, 1850 cases and 2090 controls from 7 studies for the rs16901979 C>A, and 12233 cases and 7582 controls from 17 studies for the rs6983267 T>G. Overall, each of studied 8q24 polymorphisms was significantly associated with PCa risk individually. Significant associations were also observed in stratified analysis by ethnicity, source of control, and quality score. Interestingly, the effect of rs1447295 on PCa risk was observed among Caucasians and Asians, but not Africa-Americans. The effect of rs16901979 was more prominent among Africa-Americans than Asians. Likewise, rs6983267 conferred a higher Pca risk among Caucasians than Asians. Collectively, these 8q24 variant(s) may modulate PCa risk in an ethnic-specific manner.
Chromosomal region 8q24 has emerged recently as bona fide risk locus for multiple cancers [7] [8] [9] . Fine mapping and additional genome scans have identified three 8q24 regions (region 1: 128.54-128.62 Mb; region 2: 128.12-128.28 Mb; region 3: 128.47-128.54 Mb) that contain variants independently associated with PCa risk 2, 3, 10, 11 . Since the 8q24 region was originally shown to confer a PCa risk in a genome wide linkage scan of 871 Icelandic men in 2006 8 , numerous association studies have been performed to extensively explore the roles of 8q24 single nucleotide polymorphisms (SNPs) in the etiology of PCa. To date, there are about 64 variants in 8q24 investigated for the association with PCa risk, and only 20 of those variants were confirmed to be PCa risk-associated SNPs. Of those PCa risk SNP, rs1447295 C> A in region 1, rs16901979 C> A in region 2, and rs6983267 T> G in region 3, have shown strong association with PCa, with respective adjusted P value of 4 × 10 −29 , 1 × 10
, and 1 × 10 −11 12 . Similarly, significant associations with 8q24 polymorphisms were also identified for a wide spectrum of cancers, including cancers of the breast 13, 14 , prostate 2, 4 , bladder 15 , colon 16 , lung 17 , ovaries 18 , pancreas 19 , and brain 20 among different ethnicities (Asian, Caucasian, and African of Americans). Taken together, these findings have made SNPs on 8q24 of particular interest because of their potential roles in screening strategies for high-risk individuals and discovering new therapeutic targets.
The mechanisms by which 8q24 influences the course of PCa are not yet fully understood. The 8q24 region has been described as a "gene desert" since the 600-kbp gene-poor region appears to have little or no transcriptional activity. Nevertheless, several lines of evidence has suggested that 8q24 may play an active role in PCa carcinogenesis. First, 8q24 is a highly conserved genomic region. Second, POU5F1P1, an important gene on 8q24, encodes a weak transcriptional activator that may contribute to carcinogenesis 21 . Third, recent studies have shown that the activity of the nearby oncogene MYC is associated with 8q24 4, [22] [23] [24] . Although PCa carcinogenesis has been found to be associated with hereditary background, increasing molecular epidemiology studies have presented conflicting results on the association between 8q24 SNPs and PCa risk, which may be partially attributable to various sample sizes, different genetic backgrounds, and heterogeneous inclusion criteria among studies. With this in mind, we carried out the current meta-analysis to provide a quality assessment of the association of the most frequently analyzed 8q24 SNPs (i.e., rs1447295 C> A in region1, rs16901979 C> A in region2, and rs6983267 T> G in region3) with PCa risk.
Results
Eligible studies. Based on the inclusion criteria, 22 eligible articles consisting of 44 studies were included in this meta-analysis 1, 12, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The sample sizes of those studies ranged from 103 to 24454. Of those articles, 9 and 13 were categorized as high and low quality, respectively, using methods described in the Methods section. Literature search and study selection yielded 20 studies for rs1447295 C> A analysis, which were performed among Caucasians (10 studies), Asians (7 studies), and Africa-Americans (3 studies). A total of Table 2 . Meta-analysis of the association between 8q24 rs1447295, rs16901979 and rs6983267 polymorphisms and prostate cancer risk. HB, Hospital based; PB, Population based. OR, Odds ratio; CI, confidence interval.
dominant models (OR= 2.46, 95% CI= 1.89-3.20, P = 0.000), and alleles comparison (OR= 1.23, 95% CI= 1.09-1.40, P = 0.001); intriguingly, the direction of the association was reversed under recessive genetic models (OR= 0.51, 95% CI= 0.39-0.67, P = 0.001) as shown in Table 2 . Moreover, there were 7 eligible studies available for 8q24 rs16901979 C> A analysis, consisting of 1850 cases and 2090 controls. We found that carrier of AA, AC, or combined carriers of AA/AC risk genotypes had an OR of 1.71 (homozygous: 95% CI= 1.36-2.16, P = 0.000), 1.31 (heterozygous 95% CI= 1.12-1.53, P = 0.001), or 1.39 (dominant: 95% CI= 1.20-1.61, P = 0.000) for developing prostate cancer, respectively, compared with those with CC genotype. And OR of alleles comparison (C vs. A) for the association was 1.31 (95% CI= 1.18-1.46, P = 0.000). For 8q24 rs6983267 T> G analysis, a total of 17 studies comprising 12233 cases and 7582 controls were incorporated into the meta-analysis. Pooled analysis observed significant associations between increased PCa risk and the variant of interest under homozygous (OR= 1.44; 95% CI= 1.31-1.58, P = 0.000), heterozygous (OR= 1.19, 95% CI= 1.10-1.29, P = 0.000), recessive (OR= 1.26, 95% CI= 1.18-1.36, P = 0.000), and alleles comparison (OR= 1.19, 95% CI= 1.14-1.25, P = 0.000).
Stratification analysis.
In the stratification analyses, subgroups with less than three studies were excluded from further analysis because of small number of subgroups would likely lead to a false association. In the current meta-analysis, positive associations were found among most of the remaining subgroups for each of the three 8q24 SNPs. Briefly, the associations of rs1447295 C> A polymorphism and PCa risk were observed among Asians populations under the all assumed genetic comparisons, among Caucasians under recessive and dominant models, but not among Africa-Americans. Similarly, stratified analysis by source of control found that rs1447295 C> A showed significant association with PCa risk for PB subgroup under all genetic models, while the association was only detected under recessive, dominant model, and allele comparison for HB subgroup. Moreover, the associations were observed for both low and high quality subgroups. As shown in Table 2 , due to the limited number of study, stratification analysis for rs1601979 C> A polymorphism was not conducted among Caucasians and PB studies. The significant risk effects of rs1601979 C> A polymorphism on PCa risk were consistently observed under the most of assumed genetic comparisons for Africa-Americans, hospital-based studies, and studies with high quality score. The effects were also existed among Asians and studies with low quality score, with fewer genetic models detecting the significance. We then compared the strength of the associations within the subgroups, the association with larger OR and smaller P value was considered as more prominent than others. Interestingly, the association between PCa and rs16901979 was more prominent among Africa-Americans than Asians under most of genetic models (e.g. Africa-Americans with homozygous OR= 1.91, 95% CI= 1.44-2.55, P = 0.000; heterozygous OR= 1.41 (1.10-1.80), P = 0.000; dominant OR= 1.56, 95% CI= 1.24-1.96, P = 0.000; and allele comparison OR= 1.40, 95% CI= 1.21-1.62, P = 0.000. In contrast, Asians with recessive OR= 1.65, 95% CI= 1.13-2.41), P = 0.000; and allele comparison OR= 1.17, 95% CI= 1.00-1.38, P = 0.053) . Moreover, stratified analyses observed significantly increased PCa risk associated with rs6983267 T> G polymorphism among all subgroups defined by ethnicity, source of control, and quality score. Likewise, rs6983267 T> G seemed to confer a higher Pca risk in Caucasians than Asians (homozygous OR= 1.47, 95% CI= 1.33-1.64, P = 0.000 vs. OR= 1.33, 95% CI= 1.08-1.62, P = 0.006; Allele comparison OR= 1.21, 95% CI= 1.15-1.27, P = 0.000 vs. Allele comparison OR= 1.14, 95% CI= 1.03-1.25, P = 0.01).
In the current meta-analysis, a high level of heterogeneity was detected in the pooled analysis for rs1447295 C> A. However, the heterogeneity decreased in the stratified analysis by ethnicity, indicating that ethnicity might be a source of heterogeneity. Moreover, the between-study heterogeneity was detected among several subgroups for each of studied SNPs. However, leave-one-out sensitivity analyses suggested that no single study substantially altered the pooled ORs of any SNP of interest (data not shown), suggesting the stability of this meta-analysis. Finally, the FPRP values for all significant findings at different prior probability levels were summarized in Table 3 . With the assumption of prior probability of 0.01, the association with rs1447295 C> A was noteworthy for Asians, population-based studies and high quality studies (FPRP range: 0.010-0.144, 0.010-0.022, 0.010-0.014, respectively) under the assumed comparisons. Moreover, the association between PCa and rs16901979 C> A among Africa-American (FPRP: 0.026) under dominant and allele comparison was considered noteworthy. In term of rs6983267 T> G, the association was noteworthy for Caucasians, population-based studies, high quality studies, low quality studies. In contrast, based on FPRP values, the rest of significant associations between 8q24 variants and PCa risk might not be deserving of attention, suggesting some possible bias or chance finding in this meta-analysis. Therefore, our findings need to be further validated in large and well-designed studies, involving different ethnicities (Fig. 1) .
Publication Bias Analysis. Publication bias was examined by Begg's funnel plots and Egger's tests across all genetic models for each of the three polymorphisms in the 8q24 region. The shape of funnel plot (Fig. 2) was symmetrical, suggesting that there was no evidence of publication bias in the meta-analysis.
Discussion
To the best of our knowledge, this is the largest meta-analysis to investigate the association between the selected 8q24 SNPs and PCa risk based on the candidate association studies. Up to now, more than 64 8q24SNPs have been explored for their role in PCa carcinogenesis, among which about 20 SNPs are regarded as PCa-related SNPs. However, those results were often controversial. In this meta-analysis, we evaluated the association of PCa risk with three most frequently investigated SNPs that scatter through the three regions of 8q24, respectively. We found significant associations between each of these 8q24 SNPs and PCa risk under most of the assumed comparisons, either in overall or in stratified analyses by ethnicity, source of control, and quality score. Intriguingly, stratified analyses by ethnicity revealed significant association between rs1447295 C> A and PCa risk among Caucasians and Asians, but not Africa-Americans. The effect of polymorphism rs16901979 C> A on PCa risk was more apparent in Africa-Americans populations when compared with Asian populations. Similarly, rs6983267 conferred a higher Pca risk among Caucasians than Asians. Although it is difficult to explain the ethnic-specific findings, the disparity in different ethnic populations is not completely surprising. Incidence rates of PCa vary internationally by over 25-fold. Developed countries in Oceania, Europe, and North American have the highest rates of PCa, while incidence in Asia is relatively low 41 . On the contrary, the highest prostate cancer mortality rates are recorded in African descent in the Caribbean region, which is partly explained by genetic predisposition 42, 43 . Taken together, these epidemiological findings have suggested that both environmental and genetic factors may have profound impacts on PCa. Therefore, we speculated that differences in environments, genetic backgrounds, and gene-environment interaction may help to interpret the different results in the different ethnic groups. Future studies may provide some insights into the ethnic-specific findings, focusing on a difference in LD between these variants and the causal variants in each ethnic group, epistasis with other variants found in these ethnicities, or gene-environment interaction.
Moreover, although mechanisms by which 8q24 modulates the risk of PCa is poorly understood, mounting evidence from genetic association studies and fine-mapping informatics supports that 8q24 genetic variant may impart susceptibility to PCa in an ethnic-specific manner. 8q24 region is commonly subdivided into three regions on the basis of the local genetic characteristics of 8q24 and the fine-mapping study 11 . Region 1 (126.54-128.62 Mb) was initially identified by the original linkage and admixture studies in Icelandic families populations; and initial association studies indicated that this region might contribute to a higher incidence of PCa in Africa-American men than men of European ancestry 7, 8 . Region 2 (128.14-128.28 Mb) harbors a 14-SNP haplotype that efficiently tags a relatively uncommon (2-4%) susceptibility variant in individuals of European descent, which happens to be very common (42%) in Africa-Amricans 2, 10 . And region 3 (128.47-128.54 Mb) is defined as a recombination hot-spot among European Americans. There is little linkage disequilibrium among SNPs across the three regions. Although regions 1 and 3 are physically close to each other, they are separated by a recombination hotspot among individuals of European ancestry 2 . Hence, SNPs across all three neighboring regions seem to independently influence 8q24 signal transduction, and the combined effects of SNPs across regions closely follow a multiplicative model 2, 10 . Human chromosome 8q24 contains three regions spanning 6000 kb, according to the dbSNP database (http://www.ncbi.nlm.nih.gov/SNP), in which more than 207 variants were reported. Twenty previously reported 8q24SNPs statistically significantly associated with PCa risk show various linkage disequilibrium (LD) with a range from low to high degree (Fig. 3) . These SNPs can be divided into three blocks. For example, block1 included rs698267, rs10505476, rs10505474, and rs7837328, showing LD with r 2 values ranging from 0.28 to 0.95. Block2 consisted of rs1447295, rs4242382, rs7017300, rs11986220, rs10090154, and 7837688, with LD (r 2 ) varying from 0.23 to 1.0. Additionally, rs16901979 was found in high LD of 1.0 with some polymorphisms including rs6983561, rs16901966, and rs1551512. None of the variants resides within known genes, of which there are few across the regions of 8q24. It was predicted that those risk-associated variants could affect the regulation or transcription of a causal pseudogene or gene outside the region, including proto-oncogene MYC (located approximately 260 kb telomeric to region 1), FAM84B, TCF7L2, and POU5F1 21, 44 , but the biological mechanisms underlying these findings remain unclear. Another speculation that may help to explain the association is that some functional polymorphisms linked to those SNPs may account for the association. However, based on current understanding, none of these variants and their respectively linked-SNPs seems to be potentially functional. Therefore, the exact mechanisms underlying the observed association of the SNPs with PCa risk need more investigations.
8q24 was considered as a gene-free region, flanked by the FAM84B and MYC genes on the centromeric and telomeric ends, respectively. Although data based on epidemiologic studies have indicated the possible association between 8q24 variants and PCa risk, little is known about the mechanisms. There are significant differences in allele frequency distribution of the three selected SNPs among different ethnic-populations, indicating these 8q24 variant(s) may modulate PCa in an ethnic-specific manner. One study suggested that variants in this region may be a part of the cis-regulatory enhancer element for the MYC gene, with a long-range physical interaction with this gene in PCa 4 . For example, a recent report indicated that rs6983267 displayed an altered capacity of binding of transcription factor 7-like 2 (TCF7L2), thereby leading to a different physical interaction with MYC 44 . However, others failed to find clear association between rs6983267 genotype and MYC expression. Therefore, more powerful studies should be performed to further investigate the function of the risk-associated SNPs.
Up to now, several meta-analyses have investigated the associations between 8q24 polymorphisms and PCa risk [45] [46] [47] . And consistent findings were observed among the previously reported meta-analyses and the present study, indicating that 8q24-rs1447295, -rs16901979, and -rs6983267 polymorphisms might confer genetic susceptibility to PCa. Additionally, this meta-analysis was the first to further explore the associations by stratification analyses (ethnicity, source of control, and quality score), as compared to others. However, although significant associations were found in the stratification analyses by ethnicity, these findings warrant further validation in large, well-designed, multiethnic case-control studies. Finally, some limitations in the meta-analysis should be addressed. First, relatively small samples were included for the assessment, especially for rs16901979 polymorphism. Second, the controls were not uniformly defined, which might result in obscure findings. Third, there was a significant heterogeneity in different ethnic groups; the heterogeneity may be partially attributed to the difference in individuals' genetic backgrounds or the environment in which subjects live, since these genetic and environmental factors may modify the risk effects of studied SNP on cancer susceptibility. Fourth, due to inadequate information, we failed to control for possible confounders such as age, smoking, obesity, alcohol consumption, and other lifestyle risk factors, and our results were based on unadjusted estimates. Finally, the ethnic-specific effects of the studied SNPs on PCa risk were not adequately discussed due to lack of relevant publications.
In summary, this meta-analysis provided evidence of the association between 8q24 polymorphisms (i.e. rs1447295 C> A, rs16901979 C> A, and rs6983267 T> G) and PCa risk, suggesting that these 8q24 variants may be a low penetrance contributor to PCa. Considering that PCa is one of genetic and geographic related malignancies, more relevant SNPs, variants, SNP-induced gene structural changes, epigenetic changes, and interactions of SNP-SNP, gene-gene, and gene-environment should be addressed in future large multicentric studies, which should lead to better, comprehensive understanding of the association between the 8q24 Polymorphisms and PC risk.
Methods
Search strategy and selection criteria. A comprehensive literature search was carried out for publications investigating the association between 8q24 polymorphisms and PCa risk. We searched PubMed, Embase and China Biology Medicine (CBM) databases up to June 2014 using the following keywords, including "8q24", "variant or polymorphism", "cancer, carcinoma, or malignancy", and "prostate disease". Further limited searching strategy included "English and Chinese language publications" and "human species". Abstracts alone and unpublished articles were not considered. Moreover, the reference lists of the retrieved articles and reviews were sought manually to find relevant original articles. Eligible Studies for this meta-analysis were required to meet all of the following criteria: (i) studies on associations of at least one of 8q24 polymorphisms (rs1447295 C> A, rs6983267 T> G, rs16901979 C> A) with PCa risk; (ii) enrolled patients had sporadic, primary and histologically confirmed PCa, and controls had no history of cancer or neoplasm; (iii) case-control or nested case-control studies; (iv) availability of genotype data of both case and control group to calculate the odds ratio (OR) with its 95% confidence interval (CI) and P value; and (v) genotype distribution in controls is complied with the Hardy-Weinberg equilibrium (HWE, P> 0.05). All of the included studies were candidate-based association studies. If participants in studies overlapped, only the study with the largest sample size was included in the meta-analysis. The flow chart of identification the eligible studies was shown in Fig. 4 , and the protocol was checked according to the PRISMA checklist (Supporting Information).
Assessment of study quality: Extended Quality Score. The quality of each included investigation was estimated using Extended Quality Score to limit the risk of introducing bias into meta-analyses or systematic reviews. Each article is defined as "high" or "poor" quality according to an extended-quality scale system by evaluating special characteristics of the participant groups and genotyping methods of the studies 48 . In this meta-analysis, two investigators appraised the quality of each investigation. If there was any disagreement, a third investigator (Jin-Hong Zhu) would mediate and a decision would be made by voting. Data extraction. Two reviewers (Qiaoxin Li and Xia Liu) independently appraised and extracted data according to the inclusion criteria listed above. Disagreements were documented and resolved by full discussion with a third reviewer (Jin-Hong Zhu) until a consensus was reached. The following information were extracted from each eligible study: the first author's surname, year of publication, country in which study was conducted, ethnicity of participants (categorized as Caucasians, Asians, and African descents), study design, sample size, source of control, P value of HWE test, genotyping methods, genotype counts of case and controls for three studied SNPs, and the clinical/pathological characteristics of cases. For studies involving subjects of different ethnic groups, data were extracted and split by ethnicity. Statistical analysis. HWE in the control groups was assessed by the Pearson's goodness-of-fit chi-square test, with a P value less than 0.05 indicating derivation from HWE, and population was regarded as suitable if more than one SNP agreed with HWE. The strength of association between 8q24 polymorphisms and PCa risk was estimated by calculating odds ratios (OR) and the corresponding 95% confidence intervals (CI). For each of studied SNP, we conducted comparison of the frequency of wild (W) and variant (V) alleles between PCa cases and controls (V vs. W). Moreover, pooled ORs were calculated under the following genetic models: homozygous (VV vs. WW), heterozygous (VW vs. WW), dominant (VV + VW vs. WW), and recessive (VV vs. VW + WW) models. Stratification analyses were performed by ethnicity, source of control, and quality score, but not by tumor stage, Gleason score, and PAS levels because of the small size of the eligible studies. For each genetic model, a χ 2 -based Q-test was performed to check the presence of between-study heterogeneity across all of the comparisons at a level of significance of 0.10 49 . In addition, the heterogeneity was also quantified with I 2 statistics, which is independent of the number of studies included in the meta-analysis. I 2 lies between 0% and 100% with higher values indicating a greater heterogeneity 50 . The fixed-effects model was chosen to calculate the combined OR in the absence of heterogeneity. Otherwise, a random-effects model was used to estimate the pooled OR. The significance of the pooled OR was determined using the Z test. Finally, false positive report probability (FPRP) was introduced as a multiple testing for the whole significant associations. The statistical power of the current study was calculated with an FPRP threshold of 0.2 was defined as true finding, i.e., the probability of a false positive result is <20%
49
. In sensitivity analysis, following the sequential exclusion of a single study at a time, the pooled estimates were recomputed to determine the stability of the results. Furthermore, potential publication bias was assessed by visual inspection of Begg's funnel plots with an asymmetry plot suggested possible publication bias 51 . All statistical analyses were performed using STATA statistical software (version 11.0, StataCorp, College Station, TX) and SAS version 9.1 (SAS Institute, Cary, NC). Two-sided P values were adopted, and P < 0.05 were considered statistically significant without further notification.
